Reduction Program penalizes hospitals with higher-than-expected risk-adjusted 30-day readmission rates (excess readmission ratio [ERR] > 1) after acute myocardial infarction (MI). However, the association of ERR with MI care processes and outcomes are not well established.
U nplanned hospital readmissions are common and associated with significant clinical and financial burden. 1, 2 As a result, reducing readmission rates has been a central focus of recent payment reforms introduced by the US Centers for Medicare and Medicaid Services (CMS), which aim to improve quality and clinical outcomes as well as reduce costs. The Centers for Medicare and Medicaid Services implemented the Hospital Readmission Reduction Program (HRRP) in 2012 to provide financial incentives for reducing readmission. 3, 4 Under this program, US hospitals with higher-than-expected risk-standardized 30-day readmission rates for heart failure (HF), myocardial infarction (MI), and pneumonia receive financial penalties; in 2013, the first year of the program, the maximum penalty was 1% of 2013 Medicare base payments. 4 The use of risk-standardized 30-day readmission rates as a metric to promote quality of care across hospitals has been heavily scrutinized. [5] [6] [7] Previous studies performed among patients with acute MI have demonstrated variable associations between in-hospital care quality, as determined by adherence to process of care measures, and short-term clinical outcomes, such as in-hospital mortality. [8] [9] [10] However, data on relationships between the CMS-determined 30-day readmission performance metric and objective measures of care quality and long-term clinical outcomes for MI are lacking. Accordingly, we evaluated the association between riskstandardized 30-day MI readmission rates and (1) measures of inpatient care quality and (2) 1-year clinical outcomes including both readmission and mortality among National Cardiovascular Data Registry (NCDR)/Acute Coronary Treatment and Intervention Outcomes Network (ACTION) Registry-Get With the Guidelines (GWTG) centers that participated in the first cycle of HRRP (fiscal year 2013).
Methods

Data Source
The NCDR ACTION Registry-GWTG is a voluntary national registry for outcomes-based quality improvement that includes consecutive patients presenting with MI at participating hospitals in the United States. The design of this registry has been previously described and is detailed in the eAppendix in the Supplement. 11 This registry was either approved by an institutional review board or considered quality improvement data and not subject to institutional review board approval based on individual site determinations. The need for informed consent was also waived because all data were collected retrospectively and anonymously without unique patient identifiers. The Duke Clinical Research Institute institutional review board approved this present study, and the institute served as the data analysis center. Data on postdischarge outcomes were obtained in a subgroup of ACTION Registry-GWTG participants 65 years and older and with fee-for-service Medicare coverage by linking with the Medicare denominator file and inpatient administrative claims using combinations of indirect identifiers (date of birth, sex, hospital identification, date of admission, and date of discharge). 12 The strategy for probabilistic matching of patients to CMS claims files has been previously described.
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Study Cohort
For the primary analysis, consecutive patients admitted with MI at NDCR ACTION Registry-GWTG sites participating in the first cycle of HRRP were eligible for inclusion (N = 229 252 from 519 sites). The study period corresponded to the time that was used to calculate readmission penalties for the first HRRP cycle (July 1, 2008 , to June 30, 2011 . Exclusion criteria included use of the short version of the data collection form, admission to participating hospitals with fewer than 25 cases of MI during the study period, transfer out of presenting hospital for further treatment, treatment at centers without percutaneous coronary intervention capability, and missing zip code information. The final study population included 176 644 participants from 380 sites (eFigure in the Supplement).
One-year outcome analysis was conducted in the subset of study participants with available CMS-linked follow-up data who were discharged alive from the index hospitalization (n = 51 453 from 377 sites).
Primary Exposure Variable
The excess readmission ratio (ERR) for MI (MI-ERR) for each participating center in the first cycle of HRRP (fiscal year 2013) was obtained from the publicly available CMS-HRRP supplemental data file.
14 The details about calculation of MI-ERR have been previously described. 14,15 Briefly, a hospital's MI-ERR is the ratio between predicted and expected 30-day readmission rates during the study period. Rates are risk-adjusted based on age, comorbidities, and patient case mix using a previously reported risk-standardization protocol endorsed by the National Quality Forum. 3, 16 The HRRP penalty amount is calculated by comparing the dollars spent on excess readmissions for the target conditions with the total dollars spent on admissions at any given hospital. Therefore, if a center's condition-specific ERR is less than 1 (indicating lower-thanexpected readmission rates), it does not contribute to the overall readmission penalty.
Study Outcomes
The process of care outcomes of interest included adherence to individual MI acute and discharge performance measures listed in eTable 1 in the Supplement as well as the composite defect-free care metric, determined as the percentage of eligible patients with MI without contraindications who received all the recommended care during the index hospitalization (eTable 1 in the Supplement). The clinical outcomes assessed in the CMS-linked cohort were days from discharge to the composite of all-cause mortality or all-cause readmission within 1 year of discharge, and days to the individual components of 1-year mortality and 1-year all-cause readmission.
Statistical Analysis
The NCDR ACTION Registry-GWTG-participating centers included in this study were stratified into categories based on the MI-ERR determined by CMS for fiscal year 2013. Hospitallevel characteristics were compared across groups with MI-ERR less than or equal to 1 and MI-ERR greater than 1. Differences in categorical variables between the 2 groups were assessed by χ 2 tests. Differences in continuous variables were assessed by Wilcoxon rank-sum tests. Patient-level baseline characteristics and outcomes were compared across 4 MI-ERR-based hospital groups: MI-ERR less than or equal to 1 and tertiles of centers with MI-ERR greater than 1. Socioeconomic status was determined based on the median income of the patient's residence zip code as previously reported
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; details are provided in the eAppendix in the Supplement.
Proportional adherence to individual acute and discharge MI process of care measures and use of overall defectfree care across the 4 MI-ERR-based hospital groups was compared using an unadjusted random-effect model, with a random intercept for hospital and fixed effects for 4 ordinal MI-ERR groups. Unadjusted and adjusted associations between continuous measures of MI-ERR and overall defectfree care were also assessed using generalized linear mixed models with a logit link, with a random intercept for hospital and fixed effects for MI-ERR and patient characteristics. The assumption of linearity of relationship between MI-ERR and defect-free care in this model was tested and determined to have been met. Flexible splines of other continuous variables were used to fit the models. The models were adjusted for demographic characteristics, medical history, clinical presentation characteristics, home medications, and number of defect-free care opportunities per patient as detailed in the eAppendix in the Supplement.
Unadjusted incidence of all-cause mortality and allcause readmission at 1 year were presented as cumulative incidence curves. Mortality was accounted as a competing risk in the cumulative incidence curve for all-cause readmission. Random-effect Cox proportional hazard models were constructed to assess the association between continuous measures of MI-ERR and 1-year outcomes (1-year mortality and 1-year all cause readmission), accounting for hospital clustering. The association between MI-ERR (a 30-day measure) and risk of outcomes beyond the first 30 days after discharge was also evaluated by performing a landmark analysis of these outcomes at 30 days after discharge. In this analysis, patients with an event within the first 30 days after discharge were excluded and time to event was evaluated starting at the 31-day mark.
The proportional hazards assumption was met for time to composite outcome event (all-cause readmission or mortality) and time to mortality within 1 year. Although the outcome of time to all-cause readmission within 1 year did not meet the proportional hazards assumption, the hazard estimates for all-cause readmission within the first 30 days and 31 to 365 days were similar (data not shown), and thus, the results were reported similarly to the other end points, as full 1-year follow-up and landmark analyses beginning at day 31.
The covariates in the adjusted models included patient demographic characteristics, presentation signs and symptoms, laboratory results, medical history, and discharge medication as detailed in the eAppendix in the Supplement. The linearity of relationship between MI-ERR and the 1-year clinical outcomes in this model was tested and found to be nonlinear. The linear spline knot for MI-ERR was chosen at 1 to approximate the nonlinearity. Flexible splines of the other continuous variables were used to fit the models. For both overall defect-free care and clinical outcomes models, missing covariate data were less than 2% for all variables, so missing continuous variables were imputed to sex and MI subtype (ie, ST-elevation MI vs non-ST-elevation MI) median values, and missing categorical variables were imputed to the mode.
Results
Baseline hospital-and patient-level characteristics of ACTION Registry centers included vs excluded in our study are compared in eTable 2 and eTable 3 in the Supplement. Among hospital-level characteristics, centers included in the study were larger, more commonly academic hospitals, and were more likely to have cardiac surgery available. There were no major differences in the patient-level characteristics among centers included vs excluded from the study.
In our study, 42.9% of participating hospitals had higherthan-expected 30-day readmission rates for MI (MI-ERR > 1). Compared with centers with MI-ERR less than or equal to 1, the proportion of black patients was higher among hospital groups with MI-ERR greater than 1 (7.6% vs 4.5%; P = .01; Table 1 ). Participant-level characteristics across MI-ERRbased hospital groups are compared in Table 2 . There were minimal differences in the age and proportion of women across the MI-ERR groups. The proportion of black patients and those with decompensated HF at presentation, severely depressed ejection fraction, and major bleeding events increased across rising MI-ERR categories.
Adherence to MI process of care measures across MI-ERR categories are shown in Figure 1 . The overall adherence to acute and discharge MI process of care measures was high in our study population. In unadjusted comparison, no significant difference in adherence to MI acute process of care measures was observed across MI-ERR-based hospital groups ( Figure 1A ). For discharge MI process of care measures, there was a statistically significant lower rate of use of aspirin and β-blockers at discharge among centers with higher MI-ERR. However, the absolute differences in adherence to these measures were modest. No significant differences were observed in adherence to other discharge MI process of care measures ( Figure 1B ). Overall defect-free care was also not significantly associated with continuous measures of MI-ERR in either unadjusted (odds ratio, 0.92; 95% CI. 0.80-1.06, per 0.1-unit increase in ERR) or adjusted (odds ratio, 0.94; 95% CI, 0.81-1.08, per 0.1-unit increase in ERR) analysis. Figure 2 shows the cumulative incidence of 1-year clinical outcomes across the MI-ERR groups. The adjusted associations between continuous measures of MI-ERR and risk for clinical outcomes within 1-year are shown in Table 3 .Inadjusted analysis, the risk for the composite outcome of mortality or all-cause readmission within 1 year was higher with increasing MI-ERR. The risk for mortality or all-cause readmission was 9% higher per 0.1-unit increase in MI-ERR up to 1. Above this threshold, the risk increased by 6% per 0.1-unit increase in MI-ERR (Table 3) . However, in the landmark analysis beginning 30 days after discharge from the index hospitalization, MI-ERR was not associated with long-term risk for composite outcomes after adjustment for potential confounders (Table 3) .
When individual clinical outcomes were analyzed separately, MI-ERR was not associated with mortality risk after adjustment for potential confounders in the overall analysis (1-365 days after discharge) and landmark analysis (31-365 days after discharge) (Table 3 ). For the outcome of all-cause readmission, MI-ERR was associated with risk for readmission within 1 year of discharge in adjusted analysis. The risk for allcause readmission within 1 year was 6% higher per 0.1-unit increase in MI-ERR up to 1. Above this threshold, the risk was 4% higher per 0.1-unit increase in MI-ERR (Table 3) . However, in the landmark analysis starting 30 days after discharge, the association between MI-ERR and risk for readmission within 1 year of discharge was not significant (Table 3) .
Discussion
To our knowledge, this is the first study to evaluate the association between 30-day risk-adjusted readmission rates and long-term clinical outcomes among US hospitals participating in the CMS HRRP. We found no significant association between MI-ERR and measures of care quality for MI during the index hospitalization. In addition, MI-ERR was not significantly associated with mortality risk at 1-year follow-up after adjustment for potential confounders. Finally, higher MI-ERR was significantly associated with greater risk for 1-year allcause readmission. However, this association was driven by readmissions that occurred soon after hospitalization and was not significant for readmissions beyond the first 30 days.
Characteristics of Centers With Low vs High Risk-Adjusted Readmission Rates
We observed higher proportions of black patients in hospitals with higher MI-ERR. This is consistent with previous studies and suggests that hospitals serving more socioeconomically vulnerable patient populations, such as safety-net hospitals, are more likely to be penalized for higher readmission rates. 15, 18 We also observed differences in disease severity across MI-ERR-based hospital groups. Patients admitted to hospitals with higher MI-ERR had more prevalent HF symptoms, lower ejection fraction, and more bleeding events. Previous studies from other cohorts have also identified disease severity and comorbidity burden as significant predictors of shortterm readmission among patients with MI. 19, 20 Our findings are particularly relevant in the context of the strategy used by CMS for risk adjustment of the 30-day readmission rates. The Centers for Medicare and Medicaid Services adjusts for hospital-level differences in certain patient characteristics, such as age, comorbidity burden, and certain measures of disease severity, in the calculation of conditionspecific ERR. However, they do not account for other relevant factors, such as race/ethnicity, or any measures of symptoms or ejection fraction. Because MI-ERR does not associate with indices of quality of care or 1-year mortality or readmissions between 31 and 365 days, our findings raise questions of whether CMS readmissions penalties are equitably and justly applied for hospitals with a high prevalence of socially and/or medically complex patients.
Risk-Adjusted 30-Day Readmission Rates and Quality of Care
Previous studies among patients with HF have failed to demonstrate a strong association between in-hospital quality of care and 30-day readmission rates. 21 The findings from the present study extend these observations to patients with MI and suggest that the readmission performance metric used by CMS may not differentiate centers based on their in-hospital quality of care. Several factors may underlie the observed lack of association between MI-ERR and quality of care. First, the overall adherence to process of care measures among NCDR ACTION Registry-GWTG-participating hospitals is very high. Thus, there could be a "ceiling effect" limiting our ability to identify an association between MI-ERR and quality of care metrics. 22 Second, the association between hospital-level quality of care and readmission risk is stronger over the first few days after discharge and declines significantly by 30 days.
23
Third, 30-day readmissions may be related to care processes not captured by the metrics collected or related to nonmodifiable factors unrelated to the index hospitalization such as the socioeconomic and demographic profiles of the hospital's patient population, the hospital's resource availability, patient social support, or mental health issues. 18, 19 Finally, while measures of care quality are MI specific, most 30-day readmissions after MI, particularly in an older population, are related to noncardiovascular indications.
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Risk-Adjusted 30-Day Readmission Rates and 1-Year Outcomes
Previous studies have evaluated the relationship between 30-day readmission and 30-day mortality in patients with HF and MI, with some studies reporting no correlation while others demonstrate an inverse association. [25] [26] [27] In a recent study among GWTG-HF-participating centers, we observed that 30-day riskadjusted readmission was not associated with 1-year all-cause mortality or readmission among patients with HF. 28 To our knowledge, our study is the first to evaluate the association between the CMS 30-day readmission performance metric and The graphs show the unadjusted cumulative incidence rates for the composite outcome of all-cause readmission or mortality within 1-year (A); 1-year mortality (B); and 1-year all-cause readmission rates (C) across different hospital groups based on the excess readmission ratio for myocardial infarction (MI-ERR) in 2013.
long-term clinical outcomes in patients with MI. The association between MI-ERR and all-cause readmission or mortality within 1 year was largely driven by early events and was completely attenuated after excluding events that occurred within the first month after discharge. Taken together, findings from our study suggest that MI-ERR is not associated with clinical outcomes observed beyond the initial 30-day follow-up.
Health Policy Implications
Our study findings have important health policy implications. The Hospital Readmissions Reduction Program is intended to provide financial incentives to improve quality of care and clinical outcomes and to lower cost of care among hospitalized patients. While recent studies have demonstrated that implementation of HRRP has been associated with an overall reduction in readmission rates for conditions targeted by the program, 29,30 the present results suggest that this strategy may not in and of itself lead to improvements in quality of care, longterm mortality, or even long-term readmission rates. For policies to drive broader innovation, incentive policies may need to reflect more diverse measures of care quality and patientcentered outcomes that are directly attributable to the care provided in the hospital setting. Large prospective clusterrandomized trials are needed to test novel hospital-and patientlevel interventions aimed at improving these outcomes. Our findings also highlight the inequitable burden of readmission among hospitals serving patient populations with higher levels of social disadvantage and higher illness acuity. For example, despite comparable care quality and clinical outcomes, we found that these hospitals had higher 30-day readmission rates, suggesting either nonmodifiable factors leading to readmission or incomplete risk adjustment. Thus, hospitals that treat a greater proportion of black or other disadvantaged patients may be unfairly penalized, which could deplete resources from the hospitals that need them most. 6 This finding argues for the need to consider updating the readmission metric calculations with adjustments for race/ethnicity and better measures of disease severity. Another strategy would be to compare readmission rates of hospitals within peer groups that have similar patient populations to allow for fair comparison of hospital readmission performance, which is a strategy included in the recently passed 21st Century Cures Act.
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Limitations
Our study has limitations that may impact interpretation of these results. First, the study population was limited to patients admitted to NCDR ACTION Registry-GWTG centers that participated in the first cycle of HRRP (fiscal year 2013). Consequently, study results may not be generalizable to all hospitals. Second, the observation period of our study corresponded to the time duration used by CMS to determine the first year of readmission penalties (2008) (2009) (2010) (2011) and our findings may not be applicable to the quality of care and outcomes in following years (2012 onwards). Third, the data on process of care measures at participating centers were collected by medical record review and may be prone to inaccuracies. To the extent these are random errors, they should bias toward the null; in addition, audits of NCDR data have shown a high level of accuracy compared with medical records.
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Fourth, the strategy used for NCDR ACTION Registry-CMS probabilistic linkage is imperfect, with a success rate of 81% that is consistent with other studies linking national registries with CMS data. Fifth, there may be some degree of misclassification in 1-year outcomes determined from an administrative database, which may have attenuated some of the observed associations. However, the use of CMS administrative data to assess readmission and mortality outcomes is well established and previously validated. Finally, we did not consider rates of emergency department visits or observation status admissions on follow-up. Thus, we would have missed hos- Abbreviations: HR, hazard ratio; MI-ERR, excess readmission ratio for myocardial infarction.
a Nonlinear relationship was observed between MI-ERR and 1-year outcomes and the linear spline knot for MI-ERR was chosen at 1 to approximate the nonlinearity.
b For landmark analysis of mortality, we additionally excluded patients who died within the first 30 days (n = 2530). For landmark analysis of all-cause readmission, we additionally excluded patients who died (n = 1800) or had readmission (n = 8364) within the first 30 days and those with missing time to follow-up appointment (n = 7). This supplementary material has been provided by the authors to give readers additional information about their work.
eAppendix. Supplemental Methods
Details about NCDR-ACTION registry
In the ACTION Registry-GWTG, trained hospital personnel collected detailed information on patient demographic characteristics, medical history, clinical presentation, in-hospital management, and outcomes from medical records using standardized data collection forms with written definitions for data elements. Data quality is ensured through implementation of a NCDR data quality program that involves data abstraction training, periodic data quality check, site-specific data quality feedback reports, independent auditing, and data validation. 
Socioeconomic status score calculation among study participants
